Introduction: Morphological features of human vertebral body endplates have been shown to be associated with important determinants of bone fragility and degenerative diseases of the spine. For instance, endplate thickness, curvature, and statistical moments of endplate topography distributions have been shown to be associated with vertebral load magnitude and distribution, microstructural properties of the underlying trabecular bone, vertebral failure strain and energy and intervertebral disc degeneration [1][2][3][4][5][6]. Microcomputed tomography (µCT) is typically used in such studies to produce a high resolution 3-dimensional depiction of vertebral endplate microarchitecture. However, µCT is only suitable in a laboratory setting with in vitro specimens due to size limitations and high radiation dose. Measurement of endplate topography using clinically available imaging modalities could improve assessment of vertebral bone quality in a clinical setting. To date, assessment of vertebral endplate using clinical imaging modalities has been limited to measurements such as density and thickness [7]. The current study aims to correlate comparable measures of endplate topography between µCT, digital tomosynthesis (DTS) and high resolution computed tomography (HRCT). Methods: A total of 119 human cadaveric vertebrae from four levels (T10, T11, T12, L1; 23 males, 42-87 yrs; 19 females, 36-100 yrs) were mounted in a custom radiolucent scanning tank filled with 0.9% saline and scanned using DTS (Shimadzu Sonialvision Safire II) and high resolution CT (Siemens Sensation 64) (Figure 1 ). DTS scan parameters were chosen such that AP (stack of coronal plane images) and LM (stack of sagittal plane images) views were produced, with the superior-inferior axis of vertebrae aligned with direction of tomographic acquisition. For AP and LM DTS images, in-plane voxel size was 0.3mm with 1mm slice thickness. For axial HRCT images, in-plane voxel size was 0.5mm with 0.7mm slice thickness. The same specimens were scanned using µCT and reconstructed at an isotropic voxel size of 40 micrometers. HRCT images were thresholded using a previously-described segmentation algorithm [8] and volume masks were produced representing cortical and cancellous bone [9]. Due to a blurring effect in the highest and lowest slices of the DTS reconstructions inherent to the modality, a central stack of 25mm thickness was created, and a global threshold was applied to delineate bone from soft tissue. Distances between points on the endplates surface and a reference plane were measured at superior and inferior endplates using TopoJ [10] for the entire image stack for each specimen resulting in a 3D representation of the endplate topography (Fig. 1) . Average (Av), standard deviation (SD), skewness (Sk), and kurtosis (Ku) of the depth distribution were calculated. Measurements were made for coronal (DTS.AP) and sagittal (DTS.LM) views, and a composite parameter (DTS.AP_LM) was defined as the average of the two. Endplate topography measurements were performed on µCT images as previously described [3],
yielding comparable parameters to serve as the gold standard for the DTS and HRCT.The relationships between μCT and DTS/HRCT variables were examined using mixed regression models with µCT variable as the outcome and the corresponding DTS or HRCT variable the effect variable. The model included a random subject variable to account for pseudoreplication due to using multiple vertebral levels from some subjects. In order to gain further insight into the nature of examined relationships, the difference in average depth between the superior and inferior endplates was examined for µCT images using paired t-tests. Results: Significant correlations were found between all measured DTS/HRCT parameters and µCT at the superior endplate (Table 1) . At the inferior endplate, all average topography parameters were significantly correlated between DTS/HRCT and µCT. In addition, DTS.SD in LM and composite measurements and HRCT.Sk were significantly correlated with µCT. Paired t-tests indicated that average depth of the superior endplate was significantly greater than that of the inferior endplate (p<0.0001). Discussion: Both tested modalities showed statistically significant correlations with µCT approaching a moderate level of correlation at the superior endplate for all measured parameters (R 2 Adj=0.10-0.57, Fig.  2 ), including averages, variability, and higher order statistical moments. Correlation of average depths at the inferior endplate was comparable to the superior case for both DTS and HRCT (R 2 Adj=0.14-0.51), while correlations became weak or nonsignificant for higher moments of the topography distribution. The weaker correlations at the inferior endplate may be due to a smaller depth of the inferior endplate, reducing relative accuracy of the measured distances. DTS and HRCT have distinct advantages over each other that may help explain slightly better performance of one over the other for different measurements. Due to the blurring of the lowest and highest slices, the most lateral regions of the vertebra are excluded from analysis in the LM view, and the most anterior and posterior regions are excluded from analysis in the AP view for DTS scans. In addition, DTS has a large slice thickness (1 mm), resulting in low out of plane resolution for a given plane of view. Due to these features, DTS has poorer sampling of some regions on the endplate surface. Therefore, a slightly better performance of HRCT in measurement of average depths may be due to its sampling from a more complete space than does DTS in the axial plane. On the other hand, DTS has considerably higher resolution than HRCT in the planes of measurement (sagittal plane in LM and coronal plane in the AP scans), providing better precision for the depth values measured. Such precision would help characterize the high order properties of the depth distributions more accurately. This may explain the correlations of SD values between DTS and μCT for the inferior endplate where the measured distances are small. In general, DTS and HRCT performed comparably for measurement of average distances, both having moderate levels of correlations with μCT. DTS was able to capture variations in the endplate topography to a slightly better extent than HRCT. Based on these findings and the higher speed and lower radiation cost of DTS than HRCT, DTS appears preferable for endplate measurements. It remains to be seen if prediction accuracy can be increased by improvement of slice thickness in DTS. Significance: To our knowledge, this is the first study to examine the ability to measure endplate topography using clinical imaging modalities and compare against the gold standard µCT. Endplate topography measurement holds promise as a potential tool for an improved assessment of vertebral bone quality in a clinical setting.
